To guarantee a good water quality at the consumer's tap, natural organic matter (NOM) should be (partly) removed during drinking water treatment. The objective of this research is to measure the effect of NOM removal by ion exchange on the biological stability of drinking water. Experiments were performed in two lanes of the pilot plant of Weesperkarspel in the Netherlands. The lanes consisted of ozonation, softening, biological activated carbon filtration and slow sand filtration. Ion exchange in fluidized form was used as pre-treatment in one lane and removed 50% of the dissolved organic carbon (DOC); the other lane was used as reference. Compared to the reference lane, the assimilable organic carbon (AOC) concentration of the finished water in the lane pretreated by ion exchange was 61% lower. The biofilm formation rate of the finished water was decreased with 70% to 2.0 pg ATP/cm 2 .day. The achieved concentration of AOC and the values of the biofilm formation rate with ion exchange pre-treatment showed that the biological stability of drinking water can be improved by extending a treatment plant with ion exchange, especially when ozonation is involved as disinfection and oxidation step.
INTRODUCTION
Drinking water treatment plants are required to produce safe water for human consumption. Depending on the quality of the source water the drinking water treatment consists of different steps. It was found that natural organic matter (NOM) causes problems in drinking water treatment e.g., high coagulant dose (Edzwald 1993) , high ozone demand (van der Helm et al. 2009 ), short runtimes of granular activated carbon (GAC) filters (Heijman et al. 2007) , and higher chlorine doses (Campos & Harmant 2002) . Besides problems in the treatment, NOM can also be a source of nutrients for bacteria present in the distribution system (Wricke et al. 2002) . To improve the water quality at the consumer's tap, NOM should be (partly) removed during drinking water treatment.
The most common methods to measure NOM are total organic carbon (TOC), dissolved organic carbon (DOC) and ultra-violet absorbance at 254 nm (UV254), which indicates the amount of unsaturated bonds present in NOM. Since all of the mentioned methods are lump sum parameters, NOM characterization methods must be used to distinguish NOM into different fractions. NOM fractionation is important because NOM consists of a variety of complex organic molecules, with different molecular weights, charge densities and hydrophobicities.
The aromaticity per DOC is determined by the specific UV254 absorbance (SUVA ¼ UVA254/DOC). SUVA44
indicates that mainly hydrophobic and especially aromatic material or humic substances are present, while SUVAo2 represents hydrophilic material or non-humic material (Edzwald et al. 1985) . Preparative DOC fractionation divides NOM into hydrophilic and hydrophobic bases, neutrals and acids (Leenheer 1981) . Three-dimensional excitation emission matrix (EEM) spectroscopy distinguishes between different types and sources of dissolved organic matter (DOM) in natural water, which results in five fluorescence EEM regions (Chen et al. 2003) . Liquid chromatography with organic carbon detection (LC-OCD) separates fractions of DOC into groups of different molecular weights (Huber & Frimmel 1992 , 1996 .
The decrease of DOC by microbial activity is measured by the Biodegradable Organic Carbon (BDOC) method (Joret & Levi 1986) . The assimilable organic carbon (AOC) test can be used to assess the concentration of growth-promoting organic compounds present in water (van der Kooij et al. 1982) . AOC values below 10 g C/L have been derived as a reference value for biostable drinking water during distribution, but increasing numbers of Aeromonas in a number of groundwater supplies at AOC concentrations below 10 g C/L revealed that the definition of biologically stable water had to be extended (van der Kooij et al. 1999) . The biofilm monitor was developed as a tool to determine the biofilm formation characteristics of drinking water (van der Kooij et al. 1995) . A biofilm formation rate (BFR) below 10 pg ATP/cm 2 .day reduces the risk of exceeding the Dutch guideline value for Aeromonas in the distribution system to less than 20% (van der Kooij et al. 1999) .
The treatment processes that are negatively influenced by NOM, such as activated carbon filtration, also remove NOM.
However, those processes should also be optimized for the removal of other substances than NOM, such as pesticides.
The main part of NOM, humic, fulvic and organic acids, is negatively charged; therefore these can be efficiently removed by anionic ion exchange (Bolto et al. 2002; Cornelissen et al. 2008) . The effect of NOM removal by ion exchange on individual processes such as coagulation (Humbert et al. 
MATERIALS AND METHODS

Experimental setup
To measure the effect of NOM removal by FIX on the finished water quality, a four month experiment was con- Three FIX columns were operated in parallel and contained Lewatit VP OC 1071 type resin, which is a strong-base gel resin with an acrylic (type 1) structure. Lewatit VP OC 1071 was found to be the best performing resin for NOM removal for WPK source water (Cornelissen et al. 2008 ).
The empty bed contact time was approximately 2.5 minutes. 
Analyses
The water samples were analyzed for general physicochemical characteristics such as DOC, UV254, turbidity, pH and temperature; these were determined using standard procedures (Eaton et al. 2005) . NOM characterization was performed by LC-OCD with on-line UV254 detection (Huber & Frimmel 1992 , 1996 . LC-OCD separates fractions of DOC into groups of different molecular weights. These groups are:
(i) polysaccharides/proteins or biopolymers (420,000 g/ mol), (ii) humic substances (1000 g/mol), (iii) building blocks (breakdown products of humic substances, 300-450 g/mol), 
RESULTS AND DISCUSSION
In Figure 2 
